The grass subtribe Sporobolinae contains six genera: Calamovilfa (5 spp. endemic to North America), Crypsis (10 spp. endemic to Asia and Africa), Psilolemma (1 sp. endemic to Africa), Spartina (17 spp. centered in North America), Sporobolus (186 spp. distributed worldwide), and Thellungia (1 sp. endemic to Australia). Most species in this subtribe have spikelets with a single floret, 1-veined (occasionally 3 or more) lemmas, a ciliate membrane or line of hairs for a ligule, and fruits with free pericarps (modified caryopses). Phylogenetic analyses were conducted on 177 species (281 samples), of which 145 species were in the Sporobolinae, using sequence data from four plastid regions (rpl32-trnL spacer, ndhA intron, rps16-trnK spacer, rps16 intron) and the nuclear ribosomal internal transcribed spacer regions (ITS) to infer evolutionary relationships and provide an evolutionary framework on which to revise the classification. The phylogenetic analysis provides weak to moderate support for a paraphyletic Sporobolus that includes Calamovilfa, Crypsis, Spartina, and Thellungia. In the combined plastid tree, Psilolemma jaegeri is sister to a trichotomy that includes an unsupported Urochondra-Zoysia clade (subtr. Zoysiinae), a strongly supported Sporobolus somalensis lineage, and a weakly supported Sporobolus s.l. lineage. In the ITS tree the Zoysiinae is sister to a highly supported Sporobolinae in which a Psilolemma jaegeri-Sporobolus somalensis clade is sister to the remaining species of Sporobolus s.l. Within Sporobolus s.l. the nuclear and plastid analyses identify the same 16 major clades of which 11 are strongly supported in the ITS tree and 12 are strongly supported in the combined plastid tree. The positions of three of these clades representing proposed sections Crypsis, Fimbriatae, and Triachyrum are discordant in the nuclear and plastid trees, indicating their origins may involve hybridization. Seven species fall outside the major clades in both trees, and the placement of ten species of Sporobolus are discordant in the nuclear and plastid trees. We propose incorporating Calamovilfa, Crypsis, Spartina, Thellungia, and Eragrostis megalosperma within Sporobolus, and make the requisite 35 new combinations or new names. The molecular results support the recognition of 11 sections and 11 subsections within Sporobolus s.l.; four sections are new:
INTRODUCTION
In the most recent classification of the grass subfamily Chloridoideae Kunth ex Beilschm., the tribe Zoysieae Benth. includes the incertae sedis genus Urochondra C.E.Hubb. and two subtribes, Zoysiinae Benth. and Sporobolinae Benth. (Peterson & al., 2007 (Peterson & al., , 2010a Soreng & al., 2013) . Zoysiinae includes a single genus, Zoysia Willd., with 11 species native to Australasia (Nightingale & al., 2005; Clayton & al., 2006) . They are primarily mat-forming perennials with cylindrical racemes, Version of Record (identical to print version).
spikelets that usually disarticulate below the glumes, lower glumes absent or much reduced, upper glumes laterally compressed and coriaceous, and 1-3-nerved hyaline lemmas with entire or mucronate apices. The subtribe Sporobolinae consists of: Calamovilfa (A.Gray) Hack. ex Scribn. & Southw. (5 spp. endemic to North America), Crypsis Aiton (11 spp. endemic to Asia and Africa), Pogononeura Napper (monotypic, endemic to East Africa), Spartina Schreb. (17 spp. centered in North America), and Sporobolus R.Br. (186 spp. worldwide) (Mobberley, 1956 , Lorch, 1962 Napper, 1963; Thieret, 1966 Thieret, , 2003 Tan, 1985; Peterson & al., 2003 Peterson & al., , 2004 Peterson & al., , 2007 Peterson & al., , 2010a ; Nightingale & al., 2005; Clayton & al., 2006; Kern, 2012; Saarela, 2012) . The Sporobolinae share most of the same character trends as for the Zoysieae, i.e., spikelets with a single floret, spiciform inflorescences of numerous deciduous racemelets disposed along a central axis, lemmas usually rounded and rarely with apical awns, and glumes often modified and oddly shaped, but differ by having modified caryopses (pericarps free, reluctantly so in Spartina; a free pericarp that separates completely from the seed has been referred to as the "cistoid type" whereas the "follicoid type" has a free pericarp adjoining the seed; we do not know which subtype applies to Spartina, see Sendulsky & al., 1986; Yang & al., 2008) , spikelets oriented abaxially along the axis (lemma is facing the rachis), lemmas that are similar in texture to the glumes, and paleas that are relatively long and about the same length as the lemma (Peterson & al., 2004 (Peterson & al., , 2007 . Zoysia species have a true caryopsis with fused pericarps, spikelets oriented adaxially along the axis (lemma facing away from the rachis), lemmas less firm than the glumes, and paleas relatively short or very reduced when compared with the lemma (Peterson & al., 2007) . Urochondra was shown to have similar characteristics as Zoysia, and additionally, has beaked caryopses formed from thickened style bases (Clayton & Renvoize, 1986; Clayton & al., 2006; Peterson & al., 2010a) . Based on sharing caryopses with free pericarps, 1-veined lemmas, and ciliate ligules (= a line of hairs), Hubbard (1947) suggested Crypsis, Urochondra, and Sporobolus be placed in the tribe Sporoboleae Stapf.
Sporobolus is characterized in having single-flowered spikelets, 1-nerved (rarely 3-nerved) lemmas, fruits with free pericarps (cistoid type), or "modified caryopses" as proposed by Brandenburg (2003) , and ligules a ciliate membrane or line of hairs (Peterson & al., , 1997 . Species of Sporobolus generally inhabit dry or stony soils to saline or alkaline sandy to clay loam soils in prairies, savannahs, and along disturbed roadsides (Clayton & Renvoize, 1986; Peterson & al., 1997) . Numerous infrageneric classifications of Sporobolus have been proposed over the last century based primarily on morphology and anatomy. Stapf (1898) first divided the genus into two sections: Chaetorhachia Stapf and Eusporobolus Stapf. Pilger (1956) divided the latter section, which he elevated to Sporobolus subg. Sporobolus (Stapf) Pilg., into six groups based on life form and characteristics of the glumes and panicles. Based on caryopsis morphology, Bor (1960) divided Sporobolus into five unnatural groups (Baaijens & Veldkamp, 1991) , and Clayton (1965) treated the Sporobolus indicus (L.) R.Br. complex in the tropics and subtropics. Working on the Malesian species, Baaijens & Veldkamp (1991) divided Sporobolus into five sections based on a leaf anatomical survey and overall morphology. More recently, Weakley & Peterson (1998) recognized the Sporobolus floridanus Chapm. complex to include five species in the southeastern United States, Shrestha & al. (2003) recognized seven clades within the genus, and Denham & Aliscioni (2010) recognized the S. aeneus complex to include five species. Recent major revisions of Sporobolus include Boechat & Longii-Wagner (1995) for Brazil, Simon & Jacobs (1999) for Australia, Peterson & al. (2003 for the United States and Canada, and Giraldo-Cañas & Peterson (2009) for Peru, Ecuador, and Colombia.
Two subtypes of C 4 photosynthesis based on nicotinamide adenine dinucleotide cofactor malic enzyme (NAD-ME) and phosphoenolpyruvate carboxykinase (PCK) have been found in the Zoysieae with some verified by biochemical assay (Gutierrez & al., 1974; Brown, 1977; Hattersley & Watson, 1992) . Species with NAD-ME and PCK subtypes based on anatomical and biochemical determination have been found in Sporobolus. Based on anatomical descriptions, Calamovilfa, Crypsis, Pogononeura, Psilolemma S.M.Phillips, and Urochondra are NAD-ME or PCK. Spartina and Zoysia are PCK based on anatomical and biochemical determinations (Hattersley & Watson, 1992; Sage & al., 1999) .
The ecological and economic importance among members of the Sporobolinae is high since some species are dominant components of xeric grasslands (Calamovilfa longifolia (Hook.) Hack. ex Scribn & Southw., Spartina pectinata Link, Sporobolus airoides (Torr.) Torr., S. consimilus Fresen., S. heterolepis (A.Gray) A.Gray, S. junceus (P.Beauv.) Kunth, S. spicatus (Vahl) Kunth, and S. wrightii Munro ex Scribn.), coastal habitats (e.g., Sporobolus virginicus (L.) Kunth), such as intertidal mud flats, estuaries, coastal salt marshes (e.g., Spartina alterniflora Loisel. and S. maritima (Curtis) Fernald), and many are invasive (e.g., Crypsis alopecuroides (Piller & Mitterp.) Schrad., Spartina alterniflora, S. anglica C.E.Hubb., S. densi flora Brongn., Sporobolus africanus (Poir.) Robyns & Tournay, S. fertilis (Steud.) Clayton, S. indicus, and S. pyramidalis P.Beauv.) (Wood & Gaff, 1989; Watson & Dallwitz, 1992; Ainouche & al., 2009; Chelaifa & al., 2010) .
Molecular studies have provided new insights into the evolutionary history of Sporobolus, even though the number of species sampled for molecular studies has been rather small. In an earlier molecular study of Sporobolus, Ortiz-Diaz & Culham (2000) analyzed 42 species using the nuclear ribosomal DNA (ITS) region. They found strong support in their strict consensus tree for the monophyly of Sporobolus with the inclusion of Calamovilfa and Crypsis. Several other DNA-based phylogenies present Sporobolus as paraphyletic with Calamovilfa, Crypsis, Pogononeura, and Spartina embedded within (Hilu & Alice, 2001; Bouchenak-Khelladi & al., 2008; Peterson & al., 2010a) . Peterson & al. (2010a) recommended future expansion of Sporobolus to include all of these genera.
Understanding the evolutionary history of the Sporobo linae is part of our long-range plan to elucidate the phylogeny and classification of the subfamily Chloridoideae. To accomplish Version of Record (identical to print version).
moderate support (BS = 71, PP = 1.00) for tribe Zoysieae (BS = 69%, PP = 0.95), strong support for subtribe Zoysiinae (BS = 100, PP = 1.00) and strong support for subtribe Sporobolinae (BS = 100, PP = 1.00). The Zoysiinae includes a monophyletic Zoysia (BS = 100, PP = 1.00) that is sister to Urochondra setulosa. Sporobolus is paraphyletic, as the Sporobolinae includes a weakly supported Psilolemma jaegeri (Pilg.) S.M.PhillipsSporobolus somalensis clade (BS = 65, PP = 0.90) that is sister to a moderately supported clade (BP = 71, PP = 1.00) comprising the remaining species of Sporobolus as well as Calamovilfa, Crypsis, Spartina, and Thellungia.
Within Sporobolus s.l. there are 11 strongly supported clades (B-G, I, J, M-O; BS = 91-100, PP = 1.00), three moderately supported clades (A, H, K; BS = 78-87, PP = 0.99-1.00), one clade supported only by Bayesian inference (X, BS < 50, PP = 0.95), and one unsupported clade (L) . Species in clades A-O, X are listed in Table 2 ). The J-O clade is moderately supported (Fig. 1B , BS = 85, PP = 1.00) and contains species predominantly from North America. Within clade O there are three strongly supported subclades (BS = 96-100, PP = 1.00) that include: (1) Spartina alterniflora Loisel., S. anglica, S. foliosa Trin., S. maritima, and S. ×townsendii H.Groves & J.Groves; (2) S. bakeri Merr., S. ×caespitosa A.A.Eaton, S. ciliata Brongn., S. cynosuroides (L.) Roth., S. densiflora, S. gracilis, S. montevidensis Arechav., S. patens (Aiton) Muhl., and S. pectinata; and (3) S. spartinae (Trin) Merr. & Hitchc.
Species of Sporobolus not in clades A-O include: the Sporobolus acinifolius Stapf-S. albicans Nees-S. tenellus (Spreng.) Kunth clade supported only by Bayesian inference ( Fig. 1 clade X, BS < 50, PP = 0.95) that is sister to all remaining species in Sporobolus s.l. (PP = 0.68); Sporobolus oxylepsis Mez-S. robustus Kunth pair are sister to two accessions of S. consimilis (BS = 98, PP = 1.00), and together these are sister to the Thellungia advena-Eragrostis megalosperma pair (BS = 87, PP = 1.00); Sporobolus tourneuxii is sister to E-O clades; three accessions of Sporobolus buckleyi and four accessions of S. palmeri (BS = 52, PP = 0.69) are sister to clades J-O, and form a moderately supported North American clade (BS = 85, PP = 1.00); and Sporobolus rigens (Trin.) E.Desv. is sister to a clade comprising the L-O clades (BS = 98, PP = 1.00).
Analysis of combined plastid sequences. -The phylogenetic tree based on combined plastid sequences (Fig. 2 ) is well resolved with weak support (BS = 51, PP = 0.71) for a paraphyletic Sporobolus that includes Calamovilfa, Crypsis, Spartina, and Thellungia. Pogononeura biflora Napper is aligned within the Cynodonteae. The Zoysieae clade is moderately supported (BS = 88, PP = 1.00) and Psilolemma is sister to a clade supported only by Bayesian posterior probabilities (BS < 50, PP = 0.96) containing a trichotomy with an unsupported Urochondra-Zoysia clade, a strongly supported (BS = 95, PP = 1.00) Sporobolus somalensis, and a weakly supported (BS = 51, PP = 0.71) Sporobolus s.l.
A Sporobolus acinifolius-S. albicans-S. tenellus clade ( Fig. 2 clade X, BS = 51, PP = 0.95) is sister to a lineage of the remaining species that includes 12 strongly supported clades Version of Record (identical to print version). 1.00
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1.00 Version of Record (identical to print version). Incongruences between the ITS and combined plastid phylograms. -The ITS/plastid incongruence scheme is shown in Fig. 3 . There are three types of incongruences among the species within our trees which we define as follows: (1) those taxa that fall in different major clades in the nuclear and combined plastid trees, (2) those species that are outside the major clades in one of the two trees, and (3) Version of Record (identical to print version).
similis, S. elongatus, S. palmeri, S. somalensis, S. tourneuxii,
and Thellungia advena. There are topological differences in the placement of eight major clades (clades B-I) between the ITS and combined plastid tree.
DISCUSSION
Our phylogenetic trees provide weak to moderate support for a paraphyletic Sporobolus that includes Calamovilfa, Crypsis, Spartina, and Thellungia. Within the Sporobolinae, the Psilolemma jaegeri and Sporobolus somalensis lineages align outside the remaining species of Sporobolus. Within Sporobolus we identify 16 major clades of which 12 are strongly supported in the combined plastid tree and 11 are strongly supported in the ITS tree. The species included in these 16 major clades are given in Table 2 along with our proposed classification of the Sporobolinae. In Sporobolus we identified a North American clade (J-O) that is composed primarily of species indigenous to North America. The early diverging (deeply nested) subclades in our J-O clade are almost entirely composed of North American species (see Figs. 1B, 2B, North American clade) while derived clades include species with European, South American, African or Australian origins. Based on our results we propose incorporating Calamovilfa, Crypsis, Spartina, and Thellungia within Sporobolus, and make the requisite nomenclatural changes in the taxonomy section.
In our discussion below we first address species that align outside the Sporobolinae in tribe Cynodonteae, then discuss species that do not align (incertae sedis) within one of the 16 major clades within Sporobolus. Next, we discuss each of the major clades within Sporobolus beginning with clade X and continuing with clades A through O. Finally, we include a summary of the chromosome base numbers for the Zoysieae and address incongruences between the ITS and combined plastid phylogenies. Pilger, 1956 ; part of Truncatae, Bor, 1960 ; part of S. sect. Agrosticula (Raddi) Veldkamp, Baaijens & Veldkamp, 1991) 
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Cynodonteae. -Pogononeura biflora, a morphologically distinct genus with 2-or 3-flowered spikelets and short-awned lemmas (Clayton & Renvoize, 1986) , was previously found embedded within the Sporobolus clade (Peterson & al., 2010a) , whereas in our combined plastid phylogram it is placed in the Cynodonteae. The isotype consists of three culms, two of which are genuine P. biflora, and a third culm with an attached marking tag (P.J. Greenway 10091) that is Sporobolus cordofanus (Hochst. ex Steud.) Coss. Our original sample used in Peterson & al. (2010a) was taken from another mixed collection of P. biflora and S. cordofanus, and we apparently removed a leaf from the culm of the latter species (P.J. Greenway 10620, Turner & Watson, US), this being the basis for the earlier erroneous report. After resampling a leaf blade from the isotype specimen of P. biflora (Greenway 10091, US-2589348) and sequencing the rpl32-trnL plastid region, we found P. biflora to align within the Cynodonteae (Fig. 2A , see Cynodonteae).
Sporobolinae and Sporobolus, incertae sedis. -We treat as incertae sedis those taxa that are not exclusively part of the 15 major clades in the ITS and combined plastid phylograms Table 2 ). Two species, Psilolemma jaegeri and Sporobolus somalensis, fall outside the main Sporobolus clade in the ITS and plastid trees. Sporobolus somalensis is an enigmatic species known only from Somalia and extending into the Ethiopian Ogaden (Phillips, 1995) . Sporobolus somalensis forms an unsupported polytomy with the Zoysiinae and the Sporobolus clade in the combined plastid phylogram and is weakly supported as sister to Psilo lemma jaegeri in the ITS phylogram (Fig. 1A , BS = 65, PP = 0.90), forming a clade that is sister to the remainder of the Sporobolinae. Sporobolus somalensis may deserve recognition at the generic level but we hesitate to provide a new name based on its differing affinities in the nuclear and plastid trees, and because there are few morphological characteristics delineating this from other species of Sporobolus. Based on subround lower glumes and upper glumes as long as the spikelet, Clayton (1971) described S. compactus Clayton, a presumed sister species to S. somalensis; S. compactus was not sampled here. Psilolemma jaegeri and S. somalensis are both mat-forming, stoloniferous perennials, although the latter species has open panicles with numerous 1-flowered spikelets while P. jaegeri has narrow and spike-like panicles with 4-14-flowered spikelets (Phillips, 1974 (Phillips, , 1995 Clayton & al., 2006) . Additional study of S. somalensis along with P. jaegeri will be necessary to determine their relationship to other members of Sporobolus s.l. Another option would be to include Psilolemma in Sporobolus, and, if so, then Zoysia and Urochondra would also have to be included in Sporobolus since in the plastid tree Psilolemma is sister to all members of the Zoysieae. Psilolemma jaegeri is somewhat unusual in that it has 3-veined lemmas, but there are other species of Sporobolus, i.e., S. acinifolius, S. albicans, S. fibrosus Cope (not sampled), S. palmeri, and S. subtilis Kunth (not sampled), and S. tenellus Kunth that share this trait (Phillips, 1974; Cope, 1999) . With the exception of S. palmeri, from Mexico, these are all African taxa.
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The Australian genus Thellungia was initially described by Stapf to include a single species, T. advena Stapf. Phillips (1982) transferred this species into Eragrostis (E. advena (Stapf) S.M.Phillips), and more recently, based on plastid rps16 and nuclear waxy sequences, Ingram & Doyle (2004 have shown it to be embedded within Sporobolus and in our ITS tree it is sister to Eragrostis megalosperma (BS = 87, PP = 1.00). Thellungia has unique features such as multi-flowered (1) (2) (3) (4) (5) , cleistogamous spikelets with long-curved rachillas (each floret readily disarticulates with a persistant rachilla joint), 1-veined (rarely 3) lemmas, and caryopses with free pericarps (Lazarides, 1997; Palmer & al., 2005) . All of these characteristics, with the exception of multi-flowered spikelets, are common in species of Sporobolus. Thellungia is part of the Sporobolus lineage in our trees, but its placement is strongly discordant in our nuclear and plastid analyses. In the ITS tree it is part of a strongly supported clade comprising clades B, C and D plus a Sporobolus consimilis-S. oxylepsis-S. robustus clade, collectively a lineage of primarily African taxa whereas in the plastid tree it is part of a large North American lineage that includes clades J-O plus S. palmeri, S. buckleyi, S. elongatus, and clade C plus S. consimilis. Within the plastid North American clade Thellungia is sister (weakly supported, BS = 69, PP = 1.00) to the S. clandestinus clade (L) . Given its discordant position in the nuclear and plastid trees, Thellungia advena likely had a hybrid origin, involving ancestors of different major clades. Although its origins are unclear, Thellungia advena is clearly a member of the Sporobolus clade and we make the necessary combination below to include the species in Sporobolus.
Eragrostis megalosperma, an Australian endemic species, has several unusual morphological features and was reported by Lazarides (1997) and Palmer & al. (2005) to have no obvious relationships with other members of Eragrostis. However, E. megalosperma and Thellungia (Eragrostis) advena share ciliate ligules, spiciform panicles, multi-flowered spikelets that are often cleistogamous with a zig-zag rachilla, 1 or 3-veined lemmas, green stamens, and strongly compressed caryopses with free pericarps. Eragrostis megalosperma can be separated from Thellungia in having leaf sheaths that are longer than the internodes, 5-27-flowered spikelets (versus [1] [2] [3] [4] [5] , and lemmas 1.8-2.5 mm long (versus 2.8-3 mm). Like, Thellungia, E. megalosperma is also a member of the Sporobolus clade and we make the new combination below.
Sporobolus buckleyi from the southwestern U.S.A. and Mexico and S. palmeri, a Mexican endemic known from Durango and San Luis Potosí, form a weakly supported clade in the ITS tree. However, in the plastid tree S. buckleyi is sister to Our study has provided new insights into the taxonomy of S. palmeri (see Fig. 4 ). There is much confusion in the herbarium between S. palmeri and S. airoides (Torr.) Torr., a morphologically similar species but more widely distributed occurring throughout the U.S.A., Mexico, and introduced in Arabia (Peterson & al., 2003 (Peterson & al., , 2004 Clayton & al., 2006) . Sporobolus palmeri was collected by the first two authors on a 2012 trip to northeastern Mexico where it was found growing with S. airoides. In a subsequent survey of material in US, we found that only the type collection of S. palmeri made in the late 1890s and one other made in the early 1900s were correctly determined, while the 10 other specimens included in the S. palmeri folder were misidentified. Superficially, S. pal meri resembles S. airoides but differs by having shorter culms (13-50 versus 35-120(-150) Version of Record (identical to print version).
confused taxonomically, S. airoides and S. palmeri have been considered to be closely related. Both species were placed in the same strongly supported clade in a previous ITS analysis (Ortiz-Diaz & Culham, 2000) , in contrast to our ITS tree in which S. palmeri is excluded from the S. airoides clade (Fig. 1, clade J) . The specimen in the earlier analysis may have been misidentified. Unfortunately voucher specimens were not listed in that study and the sequences are not available in GenBank; thus it is not possible to check the original determination or to compare the earlier ITS sequence with our new ITS sequences for S. airoides and S. palmeri. Our analyses confirm that S. palmeri and S. airoides are not conspecific or even sister taxa, as they fall in different parts of the ITS and plastid trees (S. airoides in clade J, S. palmeri as noted above). An illustration of S. palmeri is given to familiarize the reader and other agrostologists with the general morphology of Sporobolus (Fig. 4) .
Clade X. -Three African taxa (Sporobolus acini folius, S. albicans, S. tenellus), which have not previously been sampled in molecular studies, form a clade supported by Bayesian posterior probabilites in both ITS and combined plastid trees (Fig. 1A , PP = 0.95; Fig. 2A , BS = 51, PP = 0.95), and this clade is sister to the remaining species of Sporobolus. These southern African species are mat-forming, rhizomatous perennials with cartilaginous to subcartilaginous leaf blade margins, subdichotomously branched panicles (narrow in S. albicans), and small spikelets (1-2.5 mm long) with 3-veined lemmas (Gibbs Russell & al., 1991; Cope, 1999) . Sporobolus fibrosus, S. salsus Mez, and S. subtilis are also morphologically similar to the three species in our study (Cope, 1999) . The latter species also has a prolonged rachilla above the floret nearly as long as the floret (Stapf, 1898) . We have preliminary results suggesting S. subtilis is embedded within the tribe Eragrostideae (Peterson & al., unpub.) . Therefore, we hesitate to use S. sect. Chaetorhachia (type = S. subtilis) to delineate the species in clade X but will address this question in future studies. Three-veined lemmas may be derived independently in Eragrostis megalosperma, Psilolemma jaegeri, the S. acinifolius-S. albicans-S. tenellus lineage, S. palmeri (which is nested deep in Sporobolus), and Thellungia advena, or this may be a pleisiomorphic character retained in these lineages.
We consider the X clade to be an ancestral lineage of unclear origin that requires further investigation. Therefore, in order to assess the monophyly of Sporobolus further we removed the members of the X clade (Sporobolus acinifolius, S. albicans, S. tenellus) from the ITS and combined plastid analyses since this lineage has some unique morphological features and is genetically isolated. We then reanalyzed each dataset. In both cases we obtained stronger support for the Sporobolus crown node (BS = 76 for ITS, 52 for combined plastid; PP = 1.00 for both). These results lend support for retaining Sporobolus as taxonomic unit.
Clade A. -We find strong support for a lineage corresponding to the S. indicus complex, as recognized by previous authors (Pilger, 1956; Baiijens & Veldkamp, 1991) . The Sporobolus indicus complex, treated here as S. sect. Sporobolus, consists of at least 23 species, as confirmed in our phylograms (see Table 2 ). Within this lineage, S. farinosus Hosok. is strongly supported as the sister species of the remainder of the lineage in both trees. In the plastid tree, S. scabriflorus is sister to S. farinosus, whereas in the ITS tree S. scabriflorus is part of the distantly related clade G, suggesting this taxon may be of hybrid origin. In the next deepest split in this clade, four species (S. festivus Hochst. ex A.Rich., S. infirmus Mez, S. pectinellus Mez, S. stapfianus Gand.) comprise a clade that is sister to a strongly supported clade of the rest of the sampled species in the plastid tree, whereas in the ITS tree these four species comprise a poorly supported grade that is sister to a strongly supported clade of the remaining species in this section. Several smaller clades of two to several species (the same species in both trees) are present in the ITS and plastid trees; e.g., the clade with S. tenuissimus (Mart. ex Schrank) Kuntze Pilger (1956) , Jovet & Guédes (1968) , Baiijens & Veldkamp (1991) , Mandret (1992) , Ortiz-Diaz & Culham (2000) , and Shrestha & al. (2003) . However, for S. elongatus we have data for a single plastid marker (rpl32-trnL) and in our plastid phylogram the affinities of this species are not conclusive. Morphological characteristics that support recognition of this clade include: long-lived annuals to perennials without stolons or cataphylls; conspicuously keeled and never pectinate leaf blades; densely to moderately contracted, occasionally rather open and diffuse, panicles; solitary branches along the lower culm nodes; very short lower glumes and longer upper glumes, the latter usually shorter than the lemma; ellipsoid to oblong (angular in cross-section) caryopses; and PCK leaf metabolism (Hattersley, 1987; Baiijens & Veldkamp, 1991) . This lineage is widely distributed in North America, South America, Africa & Arabia, Australia & Pacific, and Southeast Asia (Figs. 1A, 2A) .
Clade B. -Our analyses identify a strongly supported clade including S. fimbriatus and allies. Sporobolus fimbriatus was included in group 4B by Pilger (1956) (Lazarides, 1994) . Therefore, we recognize S. sect. Crypsis to include the four species of Sporobolus that are part of clade C in the ITS and plastid trees, along with nine species currently placed in Crypsis (Cope, 1999; Raus & Scholz, 2004; Clayton & al., 2006) . Characters that support recognition of S. sect. Crypsis include: plants that are geniculate annuals or perennials with wiry culms, panicles short, < 12 cm long that are spike-like to subspiciform (ovate with stiffly spreading branches in S. ruspolianus), 1-flowered spikelets with glumes that are shorter than the lemma, and 1-3-veined lemmas. Within S. sect. Crypsis we recognize two subsections, Crypsis and Helvoli. Subsection Crypsis includes nine species, all formerly treated at the generic rank (see description in Taxonomy section) and subsect. Helvoli includes three species all having the perennial habit with culms that are decumbent, prostrate or erect, either rhizomatous or stoloniferous; panicles that are contracted, spiciform or open, 0.4-2 cm wide; and subterete spikelets 1.4-2 mm long. The discordant placement of S. humilis J.Presl found in clade C in the ITS tree and found in clade E in the plastid tree is discussed under clade E.
Clade D. -Based on our phylograms we recognize the S. junceus clade (Sporobolus sect. Triachyrum) to include 33 species (see Table 2 ), 18 of which were surveyed in our DNA analysis. This lineage was previously identified in the ITS analysis of Ortiz-Diaz & Culham (2000) , who sampled seven species, four of which were also sampled here (S. lasiophyllus Pilg., S. macrospermus Scribn. ex Beal, S. purpurascens (Sw.) Ham., S. sanguineus Rendle). Palisot de Beavois (1812) first recognized the distinctive features of Sporobolus junceus by describing a new genus, Heleochloa P.Beauv. Later, Triachyrum Hochst. ex A.Braun was recognized to emphasize species that have panicles with five or more whorled primary branches and caryopses that are strongly compressed (Braun, 1841: 712) . Pilger (1956) included five species of the S. junceus complex in his group 3A. Baaijens & Veldkamp (1991) included in this group S. pilifer (Trin.) Kunth, a species we surveyed, along with S. amaliae Veldkamp, S. harmandii Henrard, S. novo guineensis Baaijens, and S. sciadocladus Ohwi. The characteristics that unite the S. junceus complex are: caespitose habit with either annuals or perennials, leaf blades that are often heteromorphic (e.g., basal blades flat often with pectinate margins, and cauline blades involute with margins usually smooth), panicles that have whorled primary branches, upper glumes that are as long or longer than the floret, and caryopses that are spherical or laterally flattened. Weakley & Peterson (1998) suggested that S. junceus and S. purpurascens may be sibling species. This hypothesis is supported in part by our ITS tree, in which the North American samples of S. purpurascens and both samples of S. junceus are sister taxa, whereas in the plastid tree all samples of S. purpurascens and S. junceus are part of different, strongly supported subclades.
In our ITS and plastid trees, clade D includes a subclade we call the South American S. aeneus (Trin.) Kunth complex, a group of some 14 traditionally recognized species that were recently revised to include only five species (Denham & Aliscioni, 2010) . We sampled three species that have been placed in this group, S. aeneus, S. acuminatus (Trin.) Hack. (= S. aeneus var. aeneus in Denham & Aliscioni, 2010) , and S. linearifolius Nicora. These three species and an accession of S. purpurascens collected in Ecuador form a strongly supported clade (Figs. 1A, 2A ; BS = 99, 97, PP = 1.00). It is interesting that the accession of S. purpuracens from Ecuador does not align with the two other accessions of S. purpuracens, both collected in Texas, U.S.A. whereas in the plastid tree all three accessions of S. purpurascens form a strongly supported clade ( Fig. 2A , BS = 100, PP = 1.00). We see no major morphological differences between these three accessions of S. purpurascens other than the North American plants are taller and have longer leaf blades. Several smaller two-to several-taxon clades are present in the nuclear and plastid trees, and in some cases their affinities in sect. Triachyrum are incongruent between the trees.
In the plastid tree S. mildbraedii Pilg. and S. dinklagei Mez appear distinct from the rest of the clade. The placement of the former taxon reflects missing data as we have only the rpl32-trnL marker (see Appendix 1; ITS data were not obtained for this taxon). Sporobolus dinklagei, for which we obtained plastid data from three of the four regions, is on a long branch in the plastid tree, and is nested deeper in the ITS tree.
Clade E. -This lineage is recovered in nuclear and plastid analyses with strong support and corresponds to Sporobolus sect. Virginicae Veldkamp. Based on possessing stolons, contracted and densely spikeleted panicles, fascicled to solitary branches, upper glumes as long as the spikelets, and C 4
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NAD-ME leaf metabolism, Baaijens & Veldkamp (1991) (2000) identified S. virginicus as a distinct lineage, but they did not sample other members of the lineage. In our study S. pungens and S. virginicus exclusively form a clade in the ITS phylogram, and in the plastid phylogeny these two species align with S. humilis, S. oxylepsis, and S. robustus. In constrast to the ITS tree, the four acessions of Sporobolus virginicus are not recovered as monophyletic in the combined plastid phylogeny, which indicates possible incomplete plastid lineage sorting in the speciation process. Sporobolus oxylepsis and S. robustus are sister taxa in the ITS tree, while S. humilis is part of clade C, as noted above. Sporobolus robustus is a tall species with individuals up to 1 m in height similar to S. consimilis (with which it is closely related in the ITS tree, but not in the plastid tree) with open panicles that bear densely spikeleted primary branches. Each primary branch in S. robustus and S. consimilis is remarkably similar to the entire inflorescence in S. humilis, S. pungens, and S. virginicus. Sporobolus oxylepsis is a small caespitose perennial that does not have stolons, rhizomes, or contracted panicles. Instead, S. oxylepsis has open and diffuse panicles with spikelets borne on long pedicels, and has short lower glumes less than 1/3 as long as the floret. The characteristics in S. oxylepsis do not support inclusion into S. sect. Virginicae, therefore we have placed S. oxylepsis in incertae sedis. We also include S. consimilis in incertae sedis because in the ITS phylogram it is sister to Thellungia advena and in the plastid analysis it is sister to clade C.
Clade F. -This strongly supported clade, that has not previously been recovered in molecular studies, consists of two accessions of S. kentrophyllus (K.Schum. ex Engl.) Clayton that are sister to S. subulatus Hack.-S. verdcourtii Napper in our trees. In the plastid tree, S. arabicus joins clade F forming a trichotomy with the other two clades, whereas in the ITS tree S. arabicus is placed in clade I. Our data included only the plastid rps16 marker for S. arabicus and it seems best to tentatively place this taxon in clade I. Clayton (1974) placed S. verdcourtii and S. arabicus as synonyms of S. kentrophyllus and Cope (1999) placed S. arabicus and S. kentrophyllus as synonyms of S. ioclados (Trin.) Nees. We retain all four taxa as separate species since the samples are genetically distinct with some morphological variation as well. These African species are characterized in having the perennial habit with caespitose often tussocky culms, often connected by stolons, culms 15-80 cm tall; whorled primary panicle branches that are naked on lower 1/4-1/2; lower glumes 1/3-3/4 as long as the spikelet; upper glumes 2/3 to as long as the spikelet; and ellipsoid caryopses 0.8-2 mm long. We place the species of clade F in S. sect. Pyramidati subsect. Subulati (see discussion of clade I below).
Clade G. -This strongly supported clade, consisting of only African species, has not previously been recovered in molecular studies. Three accessions of the primarily mat-forming, tufted perennial with pungent leaf blades, S. spicatus form a weakly or strongly supported clade (Fig. 1B , BS = 64, PP = 0.61; Fig. 2B , BS = 100, PP = 1.00) that is sister to a strongly supported S. microprotus Stapf-S. scabriflorus Stapf ex Massey-S. uniglumis Stent & J.M.Rattray clade (Fig. 1B , BS = 100, PP = 1.00) consisting of three small, caespitose annuals. However, in our plastid tree, S. scabriflorus is not a member of this clade and is placed in the S. indicus complex (clade A). There are three missing plastid markers (ndhA, rpl32-trnL, rps16-trnK) in our dataset for S. scabriflorus so this might be the underlying reason for the ambiguous results. Clayton (1974) placed S. scabriflorus as a synonym of S. microprotus but our ITS sequences are not identical and there seems to be some morphological characters that separate these species. Sporobolus scabriflorus has scabrous to minutely pubescent lemmas and the caryopses are obovate whereas most individuals of S. microprotus have glabrous or smooth lemmas and spherical to subglobose caryopses. Morphological characteristics that support recognition of clade G include: caespitose annuals or perennials, sometimes stoloniferous; leaf blades with pectinate-ciliate margins near the base; panicles with whorled primary branches, especially on the lower nodes, the primary branches bare below; lower glumes that are tiny, ovate to oblong scales < 1/3 as long as the spikelet, the scales often suppressed or lacking; upper glumes 2/3 to as long as the spikelet; and caryopses 0.7-1.1 mm long, elliptic, obovate to spherical or subglobose, usually laterally flattened. We place the species of clade G in S. sect. Pyramidati subsect. Spicati (see discussion of clade I below).
Clade H. -Three endemic species from Australia, S. actinocladus (F.Muell.) F.Muell, S. australasicus Domin, and S. caroli Mez form a moderately supported clade (Fig. 1B , BS = 72, PP = 0.98) and are sister to the southern African, S. nitens Stent in the ITS tree. In the plastid tree four endemic Australian species (S. actinocladus, S. australasicus, S. caroli, S. scabridus) form a moderately supported clade (Fig. 2B , BS = 76, PP = 0.97) that includes the South American S. phleoides Hack., and all of these are sister to S. nitens-S. olivaceus Napper clade (Fig. 2B , BS = 99, PP = 1.00). Even though S. phleoides has an extremely narrow inflorescence and is nearly impossible to determine when the lower panicle branches are whorled, we include it in clade H since it is sister to the three Australian endemics in our combined plastid phylogram. Only a single plastid marker (rpl32-trnL) for S. olivaceus was included in our dataset and we have no ITS marker. These five species have not been previously recovered as a clade in molecular studies. There are four more endemic Australian species, S. contiguus S.T.Blake, S. lenticularis S.T.Blake, S. partimpatens R.Mills ex B.K.Simon, and S. pulchellus R.Br. that probably belong in this group but were not included in our analysis (Simon & Jacobs, 1999; Simon, 2005) . The following shared morphological features support recognition of clade H: caespitose annuals, occasionally biennial or perennial, then with short rhizomes and stolons; leaf blade margins smooth or pectinate-ciliate; panicles with whorled primary branches, especially on the lower nodes, primary branches bare on lower 1/4-1/2; lower glumes 1/3-2/3 as long as the spikelet; upper glumes as long as the spikelet; and Version of Record (identical to print version).
caryopses 0.6-1.5 mm long, elliptic to oblong, often subterete, sometimes quadrangular or trigonous. We place the species of clade H in S. sect. Pyramidati subsect. Actinocladi (see discussion of clade I below).
Clade I. -We refer to this lineage as the S. pyramidatus (Lam.) Hitchc. complex only because this species is the most wide-ranging member of this lineage in the Western Hemisphere. All species in clade I share the following morphological characteristics: caespitose annuals or rhizomatous perennials; leaf blade margins smooth or pectinate-ciliate, often cartilaginous, sometimes bearing stiff hairs; panicles with whorled primary branches, especially on the lower nodes, primary branches bare below; lower glumes 1/5 to nearly as long as the spikelet; upper glumes about as long as the spikelet, rarely longer; caryopses ellipsoid to obovoid, 0.6-1 mm long. Species in this clade are widely distributed in Africa, North and South America, and Australia; however the deepest split in the nuclear tree, a strongly supported clade (Figs. 1B, BS = 89, PP = 1.00) containing S. centrifugus (Trin.) Nees, S. cordofanus (Hochst. ex Steud.) Coss., and S. marginatus Hochst. ex A.Rich., contains only indigenous African species probably indicating African origins for the S. pyramidatus complex. In the plastid tree, the American S. domingensis (Trin.) Kunth is sister to the remaining species in the S. pyramidatus complex. There is strikingly little morphological and genetic variation among the wide ranging S. pyramidatus and S. coromandelianus (Retz.) Kunth, and the narrowly distributed S. coahuilensis Valdés-Reyna and S. contractus Hitchc. Species delimitation among these four morphologically similar entities needs clarification, requiring a worldwide approach. Likewise, the three accessions of S. cordofanus and two of S. marginatus are found in different, moderate to strongly supported, subclades. This could be the result of multiple gene copies (particularly in ITS), multiple origins of these taxa, or there could have been a mishandling or misidentification of our samples in the laboratory. Another possibility might be missing data since one accession of S. cordofanus (Greenway 10191) has only plastid marker (rpl32-trnL) and neither accession of S. marginatus has a complete set of plastid markers. Baaijens & Veldkamp (1991) had tentatively included S. coromandelianus in their S. sect Triachyrum (S. junceus complex) but noted it differed by numerous anatomical characters from other members.
In the plastid tree a strongly supported clade containing "F, G, H, and I" lineages (Fig. 2B , BS = 96, PP = 1.00) is found and this clade is also present in the ITS tree but with less support (Fig. 1B , BS < 50, PP = 0.51). Many morphological features that delineate each of these clades separately are of course repeated in the F-G-H-I clade. The most obvious feature of whorled primary panicle branches is seen in the F-G-H-I clade and has arisen independently at least two times within Sporobolus since this character state is also found in the S. junceus complex (clade D). Therefore, we place all species in the F-G-H-I clade in a new section, S. sect. Pyramidati and within this section we recognize four subsections that correspond to the F (Subulati), G (Spicati), H (Actinocladi), and I (Pyramidati) clades. Morphological characteristics of S. sect. Pyramidati include: annual, biennial or perennial habit, sometimes rhizomatous or stoloniferous; panicles with whorled primary branches, especially on the lower nodes; lower glumes 1/6-1/2 (-3/4) as long as the spikelet; and upper glumes 2/3 to as long as the spikelet.
Clade J. -This clade was first recovered by Ortiz-Diaz & Culham (2000) , and is recovered with strong support in the plastid and nuclear trees. We refer to this as the Sporobolus airoides complex, which consists of four caespitose perennials (S. airoides, S. spiciformis Swallen, S. splendens Swallen, S. wrightii) with spiciform (S. spiciformis) to pyramidal panicles and ascending or spreading primary branches, short spikelets 1.3-2.8 mm long, and lower glumes about 1/2 as long as the lemmas. All four species occur in alkaline soils and quite often are conspicuous members of the plant community on xeric flats and playas. Polyploid races as high as 14x (2n = 128, x = 9) have been found in Sporobolus airoides (Stebbins, 1985; Peterson & al., 2003) . The South American S. rigens is a member of this clade and is found on a long branch in the combined plastid phylogram. We have included S. rigens in incertae sedis (see Table 2 ) since it aligns outside the S. airoides clade in our ITS tree. Ortiz-Diaz & Culham (2000) also found S. rigens in a separate clade outside of the S. airoides clade (S. sect. Airoides). Our plastid tree suggests that S. rigens shares a maternal parent that is part of, or perhaps an ancestor of a member of the S. airoides complex. Additional study of S. rigens, perhaps using low copy nuclear genes, is needed to clarify this result and elucidate its origin.
Clade K. -The Sporobolus cryptandrus (Torr.) A.Gray lineage (S. sect. Cryptandri), a group of five species (S. cryptandrus, S. flexuosus (Thurb. ex Vasey) Rydb., S. giganteus Nash, S. nealleyi Vasey, S. texanus Vasey) is moderately supported as a clade in the ITS-derived phylogram (Fig 1B, BS = 87, PP = 1.00), and forms an unsupported grade basal to Sporobolus sect. Airoides (clade J) in the plastid tree, suggesting limited plastid variation among these closely related taxa. Ortiz-Diaz & Culham (2000) recovered this clade in their ITS analysis, which included four of the five species sampled here plus S. contractus. In our analyses, S. contractus is part of clade I. The five species in the S. cryptandrus complex are all located in the southwestern U.S.A./Mexico, and share the following morphological features: the caespitose perennial habit, lower branches of the panicles are usually included in the uppermost culm sheath, lower glumes that are 1/3 to nearly as long as the lemma, upper glumes about as long as the lemma, and ellipsoid to obovoid caryopses. Species in this complex tend to occur in salt-desert scrub and pinyon-juniper woodlands in slightly saline environments (Peterson & al., 2003) . Although the complex is not monophyletic in the plastid data, this morphologically distinct lineage is supported in the ITS tree, thus we formally recognize this as a new section, S. sect. Cryptandri. Neither ITS or the plastid markers have sufficient discriminatory power to differentiate among accessions of S. cryptandrus, S. flexuosus, or S. giganteus. Apparently, these three taxa are closely related and they appear in the same clade in the ITS and plastid trees.
Clade L. - Pilger (1956 ) delineated this as group 5 in his subgeneric treatment of Riggins (1969, 1977) investigated most of the members of clade L in a study of the Version of Record (identical to print version).
annual cleistogamous species and a biosystematic study of the Sporobolus asper (Michx.) Kunth (= S. compositus) complex. Our results support the derivation of Sporoblus clandestinus, S. compositus, S. neglectus, and S. vaginiflorus (Torr. ex A.Gray) Alph.Wood from a common ancestor. In the ITS tree one individual of S. clandestinus (Waterfall 5881) does not align with three other samples of S. clandestinus; rather, S. clandestinus (Waterfall 5881) and S. compositus form a clade that is the unsupported sister of the rest of the S. compositus complex whereas in the plastid tree all members of the complex are part of a strongly supported clade. This could indicate hybridization with a member of the highly variable S. compositus complex (Peterson & al., 2003 , multiple origins of this taxon, or simply the occurrence of multiple copies since S. compositus (syn. S. asper (P.Beauv.) Kunth) is a known hexaploid (Riggins, 1977) . Likewise, in the combined plastid tree S. vaginiflorus var. ozarkanus falls within the S. airoides clade and is sister to S. splendens whereas in the ITS tree it aligns with three other samples of S. vaginiflorus as expected. Acquisition of the S. airoides plastid haplotype is probably the result of an ancient hybridization event. Sporobolus neglectus also does not align within the combined plastid tree with other members of the S. compositus complex but is found as sister to the C plus the J-O clades.
Important characters in the L lineage include panicles included in the uppermost sheath with cleistogamous spikelets and laterally flattened caryopses. In addition, we tentatively place S. aldabrensis Renvoize in this lineage since it shares a spiciform inflorescence (0.2-1.6 cm wide) with other members of the lineage, although we have data from only a single plastid (rpl32-trnL) marker. Important characters in this lineage are panicles included in the uppermost sheath with cleistogamous spikelets and laterally flattened caryopses. Based on only two plastid markers S. conrathii appears as a member of this clade (see Fig. 2B ), although we are not convinced it is closely related since it differs morphologically in having diffuse, subdichotomously branched panicles (Gibbs Russell & al., 1991) . OrtizDiaz & Culham (2000) sampled only S. compositus from this complex, which was placed in a clade with Calamovilfa, in contrast with our ITS results.
Clade M. -This is the strongly supported Calamovilfa lineage, congruent with multiple molecular studies that have found Calamovilfa to be nested within Sporobolus (Ortiz-Diaz & Culham, 2000; Hilu & Alice, 2001; Peterson & al., 2010a) . No previous study has sampled all of the five Calamovilfa species (Thieret, 2003) , as we do here. Based on caryopsis, embryo, lodicule, leaf epidermal, and anatomical characteristics, Reeder & Ellington (1960) pointed out the similarities of Calamovilfa with Sporobolus. Gray (1848) originally recognized Calamovilfa as a section of Calamagrostis, and later Hackel (1890) raised it to generic rank. Traditionally, agrostologists have emphasized the hairy callus to circumscribe the species of Calamovilfa. Reeder & Ellington (1960) concluded, "while such hairs are lacking among species of Sporobolus is apparently a matter of relatively minor taxonomic importance." The occurrence of callus hairs 1/4 to 7/8 as long as the lemma and the disarticulation of the entire spikelet with intact caryopses are two synapomorphic characters that support recognition of clade M (C. arcuata K.E.Rogers, C. brevipilis (Torr.) Hack. ex Scribn. & Southw., C. curtissii (Vasey) Scribn., C. gigantea (Nutt.) Scribn. & Merr., C. longifolia). Thieret (1966 Thieret ( , 2003 recognized two sections: sect. Calamovilfa, including C. arcuata, C. curtissii and C. brevipilis, distinguished primarily by short rhizomes and ligules to 0.7 mm long; and sect. Interior Thieret, including C. gigantea and C. longifolia, distinguished by elongate rhizomes and longer ligules (0.7-2.5 mm). Our plastid and nuclear analyses do not support his sectional classification. In the ITS tree, C. brevipilis, C. arcuata and C. longifolia are successive sister groups (all strongly supported) of C. gigantea (C. curtisii was not sampled for ITS), and in the plastid tree C. arcuata and C. brevipilis are a clade that is sister to a clade of C. gigantea, C. curtissii and C. longifolia.
Clade N. -This clade consists of seven species (Table 2) , five of which (S. curtissii Small ex Kearney, S. flori danus, S. pinetorum Weakley & P.M.Peterson, S. silveanus Swallen, S. teretifoliius R.M.Harper) were previously studied and attributed to the Sporobolus floridanus complex, a group found in pine savannahs and seeps of the coastal plain in southeastern U.S.A. (Weakley & Peterson, 1998) . The plastid and nuclear trees include in this lineage S. heterolepis, a species distributed in northcentral U.S.A., which has been considered to be a close relative to members of clade N (Pilger, 1956; Weakley & Peterson, 1998) . Sporobolus heterolepis was placed in a strongly supported clade with Calamovilfa in the matK analysis of Hilu & Alice (2001) . Weakley & Peterson (1998) hypothesized a close relatioship between S. heterolepis and S. silveanus, which is supported by our plastid data. Sporobolus interruptus Vasey, an Arizonian endemic, has also been considered to be close to this lineage, and possibly the sister species of S. heterolepis (Weakley & Peterson, 1998 ). Although we have not sampled S. interruptus, we include it in this lineage based on its morphology. Members of the S. floridanus complex (including S. heterolepis and S. interruptus) share the following morphological features: perennial caespitose habit, tall culms ((0.2-)0.25-2(-2.5) m), shiny and indurated basal sheaths or dull and fibrous sheaths, open to somewhat contracted panicles that are generally longer than wide with 1-2(-3) primary branches at the lower nodes, long spikelets (3-7(-7. 2) mm) that are purplish or plumbeous, spikelets with a glabrous callus and paleas, and caryopses that fall free from the lemma and palea at maturity. We recognize this lineage as Sporobolus sect. Calamovilfa subsect. Floridani. Weakley & Peterson (1998) also considered S. junceus and S. purpurascens to be closely related to the S. floridanus complex and noted the former two species can be distinguished in having distinctly whorled panicles branches in well-marked verticils. Our analyses do not support this, as these species are part of the distantly related clade D (S. sect. Triachyrum).
In the ITS tree one individual of S. clandestinus (Waterfall 5881) does not align with three other samples of S. clandestinus; rather, S. clandestinus (Waterfall 5881) and S. compositus form a clade that is the unsupported sister of the rest of the S. compositus complex whereas in the plastid tree all members of Version of Record (identical to print version).
the complex are part of a strongly supported clade. Clades M and N are depicted as strongly supported sister clades in our trees (Figs. 1B, 2B ; BS = 97, 98, PP = 1.00), consistent with earlier results (Hilu & Alice, 2001; Peterson & al., 2010a) . It is not suprising that members of the S. floridanus complex are closely related to species of Calamovilfa since herbarium specimens of these two groups are often mistaken for one another (Weakley & Peterson, 1998) . The morphological similarities between clades M and N include: robust culms usually 1-2.5 m tall with indurated (hardened) basal sheaths, a line of hairs for a ligule, panicles much longer than broad, spikelets with 1-veined glumes and lemmas, and caryopses with free pericarps (Peterson & al., 2003; Thieret, 2003) . For this reason we recognize the species of clades M and N in separate subsections, Calamovilfa and Floridani of S. sect. Calamovilfa.
Clade O. -This is the strongly supported Spartina lineage. Hubbard (1947) and Clayton & Renvoize (1986) suggested that Spartina, "lacks close relatives" and, based on panicles with spikes (multiple branches) that bear two rows on two sides of a somewhat flattened, triangular rachis (that superficially appears to be one-sided or pectinate) arrangement of the spikelets, included the genus in the Cynodonteae (Mobberley, 1956 ). Molecular studies have since firmly placed Spartina within the Sporobolinae, nested within Sporobolus, as reflected in recent classifications (Hilu & Alice, 2001; Peterson & al., 2010a) . These earlier analyses, which all had sparse sampling of Spartina, Sporobolus and relatives, variously placed Spartina in a strongly supported clade with Calamovilfa plus Sporobolus heterolepis (Hilu & Alice, 2001 ; matK), Calamovilfa combined ITS and trnL-F) , and Calamovilfa longifolia plus Sporobolus teretifolius-S. pinetorum (Peterson & al., 2010a; combined ITS and plastid data) . Our better-sampled trees are consistent with these earlier results. In our plastid tree Spartina is the sister group of a clade comprising Calamovilfa (clade M) and the Sporobolus floridanus complex (clade N), which includes S. hete rolepis, S. teretifolius and S. pinetorum sampled in earlier studies. In the ITS tree Spartina is part of a well-supported clade that includes a clade of Calamovilfa (clade M) (plus a clade comprising S. compositus and one individual of S. clandestinus) and the Sporobolus floridanus complex (clade N), and the remaining members of the Sporobolus compositus complex (clade L). These three lineages (L, M, N) in the ITS tree form an unsupported clade. The affinities of clade L to Spartina in the plastid tree are less clear, although the lineage is part of the strongly supported North American clade that includes Spartina. Both datasets suggest that Spartina and several of the other major North American lineages are derived from a common ancestor.
Within Spartina, our nuclear tree identifies three major lineages, one comprising the mostly tetraploid (2n = 40) Spartina gracilis, S. cynosuroides, S. ×caespitosa, S. pectinata, S. bakeri, S. patens, S. ciliata, and S. densiflora; one comprising the hexaploid (2n = 60, 62) S. alterniflora, S. foliosa, and S. maritima; and S. spartinae. This topology is congruent with, and better resolved than, the trees recovered in earlier phylogenetic analyses based on ITS and the plastid trnTtrnL region (Baumel & al., 2002; Fortune & al., 2008) , with the caveat that we did not sample S. arundinacea (Thouars) Carmich. The earlier plastid trees did not resolve the monophyly of the tetraploid clade; the increased resolution of this clade here likely reflects our analysis of more nucleotides (four gene regions vs. one). However, inferred relationships between S. densiflora and S. argentinenis (= S. spartinae) differ among studies. For the nuclear data, the trees differ only in the inferred relationships among S. cynosuroides, S. pectinata and S. gracilis. In the earlier ITS trees these form a polytomy with the other lineages in the tetraploid clade, but are fully resolved here. This may reflect alignment differences and/or the different phylogenetic analyses conducted (parsimony in the earlier studies and ML and Bayesian here). Our sampling includes S. ×townsendii, a sterile F1 hybrid of S. alterniflora (the female parent) and S. maritima (the male parent) and the precursor of the amphidiploid S. anglica (reviewed in Saarela, 2012) ; the parentage of S. ×townsendii was confirmed based on variation in plastid regions (trnT-trnL, rpl16) and molecular fingerprinting (Ferris & al., 1997; Baumel & al., 2002 Baumel & al., , 2003 . Curiously, neither S. ×townsendii nor S. anglica were sampled in the earlier phylogenetic studies (Baumel & al., 2002; Fortune & al., 2007 Fortune & al., , 2008 . They are included here, and in our phylogenetic trees, the plastid sequences are identical for all individuals of S. alterniflora, S. anglica and S. ×town-sendii, consistent with S. alterniflora being the female parent of S. ×townsendii, and S. ×townsendii, in turn, being the progenitor of S. anglica. Spartina foliosa is the sister group of this latter clade, and S. maritima is the sister group of the S. foliosa and S. anglica-S. alterniflora-S. ×townsendii clade. Relationships among species in the hexaploid clade in the ITS trees are different. Spartina maritima and S. ×townsendii comprise a weakly supported clade that is the sister group of S. anglica, with ITS sequences different than those of its hybrid progenitor, and this strongly-supported three taxon clade is the sister group of a S. foliosa-S. alterniflora clade. The minor variation in ITS between S. anglica and S. ×townsendii may reflect post-origin directional concerted evolution in S. anglica.
The plastid trnT-trnL region has also been used to identify hybrids between S. foliosa and S. alterniflora, and S. foliosa and S. densiflora in California, in combination with complementary data sources (Antilla & al., 2000 . Some hybrid individuals shared their plastid haplotypes with S. densiflora, and others with S. foliosa. Our sample of S. foliosa (Reeder 6652 & Reeder) was collected in Baja California Sur, Mexico, in 1975 , where neither of these taxa is known to be introduced, and is thus highly unlikely to be a hybrid with either S. alterniflora (introduced to adjacent California in the 1970s; Spicher & Josselyn, 1985) or S. densiflora (introduced to California in the 1800s; Spicher & Josselyn, 1985; Bortolus, 2006) . Although none of the samples analyzed here represent either of these hybrids, we expect that, if the hybrids were sampled with the plastid markers used here, the same haplotype patterns in trnTtrnL would be prevalent in these other plastid regions. Baumel & al. (2002) also sampled the nuclear waxy (GBSSI) locus, which is incongruent with ITS and plastid data in some respects. In the waxy trees the tetraploid species S. argentinensis Parodi (= S. spartinae) was sister to the hexaploid clade, and the Version of Record (identical to print version).
heptaploid S. densiflora (2n = 70, , Fortune & al., 2008 was the sister group of the hexaploid plus S. argentinensis clade. Subsequent phylogenetic studies of Spartina, based on extensive cloning of the low-copy nuclear gene waxy, focused on the hexaploid species (Fortune & al., 2007) and S. densiflora (Fortune & al., 2008) . In the former study, two major lineages were identified, neither of which was congruent with the clades identified in ITS and plastid analyses. Multiple copies of waxy representing divergent lineages were found in S. alterniflora and S. foliosa, and the hexaploid lineage was not found to be monophyletic; these data support an allopolyploid origin for the hexaploid clade. Multiple divergent copies were also found in other Spartina species, and the phylogenetic tree based on these sequences was similarly discordant with the tree inferred from ITS and plastid data (Fortune & al., 2007) . This study also sampled waxy in other Chloridoideae taxa, and found the sequences of Thellungia advena, Sporobolus indica, Calamovilfa gigantea, and C. longifolia to be part of the Spartina lineage. Fortune & al. (2007) hypothesized that the two major waxy clades represent paralogous copies of the gene that were inherited by Spartina (i.e., the paralogous copies were present prior to the origin of the genus) and also by other members of the Chloridoideae. The placement of Sporobolus indicus (in clade A)-a taxon that shares a waxy paralogue with some Spartina species-near the base of the Sporobolinae in our analyses suggests that the gene duplication may have occurred early during, or prior to, the evolution of the Sporobolinae lineage. Broader sampling of waxy among taxa of Sporobolinae and other Chloridoid taxa is needed to discern this. Further study of waxy in S. densiflora identified three divergent copies of the gene, one in each major waxy clade, supporting a polyphyletic origin for this species involving a member of the tetraploid lineage (probably S. arundinacea) and a member of the hexaploid lineage (Fortune & al., 2008 ). An overview of the history of reticulation among Spartina species is given in Ainouche & al. (2009) .
In the seminal revisionary treatment of Spartina, Mobberley (1956) recognized three complexes that, with the exception of Spartina ciliata, correspond with the three subclades in our phylograms (Figs. 1B and 2B, clade O) . Mobberley (1956) described complex 1 (Spartina arundinacea, S. spartinae) as having hard and slender culms, without rhizomes or with short (less than 1.5 cm) and thick rhizomes, panicles spike-like with closely imbricate spikes (multiple branches), spikelets lanceolate and closely imbricate, and upper glumes with hispid keels; complex 2 (S. alterniflora, S. anglica, S. foliosa, S. longispica [now considered to be a hybrid between S. alterniflora and S. densiflora; Bortolus, 2006] , S. maritima, S. ×townsendii) as having thick, fleshy and succulent culms that become brownish in age with a distinctly disagreeable odor when fresh, smooth and glabrous leaf blades, and panicles with remote or moderately imbricate spikes, and upper glumes with glabrous, pilose, or rarely hispid keels; and complex 3 (S. bakeri, S. ×caespitosa, S. ciliata, S. cynosuroides, S. densiflora, S. gracilis, S. patens, S. pectinata, S. versicolor Fabre) as having hard culms often tinged or streaked with purple, scabrous leaf blades, panicle spikes more or less spreading and often tinged or streaked with purple, closely imbricate spikelets, and upper glumes with hispid keels.
Although S. densi flora has a complicated reticulate origin, we include it in complex 3 on the basis of its morphology. Formal names for these Spartina lineages, hitherto referred to as the tetraploid and hexaploid lineages or clade I and clade II (e.g., Baumel & al., 2002; Fortune & al., 2007 Fortune & al., , 2008 , should facilitate precise communication about these clades. We thus recognize Mobberley's (1956) three complexes (with modification to his complex 1) as subsections within Sporobolus sect. Spartina: subsect. Ponceletia (complex 1), subsect. Alterniflori (complex 2), and subsect. Spartina (complex 3).
Cytology. -Base chromosome numbers for the Zoysieae reported in Goldblatt & Johnson (1979-) are x = 6, 8, 9, 10, and 12 ; and the common base chromosome number (plesiomorphy) for the Chloridoideae is x = 10 ( Peterson & al., 2007 Peterson & al., , 2010a . The following counts were reported in Goldblatt & Johnson (1979-) , Baaijens & Veldkamp (1991) , Simon & Jacobs (1999) , Roodt & Spies (2003) , and Peterson & al. (2003 Peterson & al. ( , 2004 ): x = 10 for 2 species of Calamovilfa; x = 8 for 3 species and x = 9 for 1 species of Crypsis; x = 10 for 14 species of Spartina; x = 6 for 8 species (sometimes reported as x = 12), x = 9 for 29 species, and x = 10 for 13 species of Sporobolus; and x = 10 for 2 species of Zoysia (see Table 2 for chromosome numbers). There are no known chromosome counts for Psilolemma or Urochondra. Obviously, cytological work has progressed more rapidly in Spartina (13 of the 59 chromosome counts in Table 2 ) since it is a dominant species of coastal habitats such as intertidal mud flats, estuaries, and salt marshes (Saarela, 2012) . Hypothetically within Sporobolus s.l., 12 species in six clades have diploid populations, although only six species are known with only diploid chromosome reports, i.e., 2n = 12, 18 or 20 (Crypsis alopecuroides, Sporobolus madera spatanus, S. molleri Hack., S. montanus (Hook.f.) Engl., S. sanguineus, S. tenuissimus). The x = 6 base chromosome number is found in clades A, B, and I; x = 9 base number is found in clades A, B, C, E, F, I, J, K, L, N, and X; base number x = 10 is found in clades A, C, D, E, J, K, M, N, and O. Since there are at least 120 species without a known chromosome number (67% listed in Table 2 ) it is not easy to draw meaningful conclusions. Only clade A (S. sect. Sporobolus) contains species with all three base numbers (x = 6, 9, and 10); clades B (S. sect. Fimbriatae) and I (S. subsect. Pyramidati) contain species with x = 6 and 9; and clades C (S. subsect. Helvoli), E (S. sect. Virginicae), J (S. sect. Airoides), K (S. sect. Cryptandri), and N (S. subsect. Floridani) contain species with x = 9 and 10.
Incongruences between the ITS and combined plastid phylograms. -The two phylogenetic trees in our study of the Zoysieae based on combined plastid and ITS DNA sequences are incongruent and their topologies are not mutually exclusive (Fig. 3) . The 16 major clades (A-O, X) were found in both analyses and have been maintained with high support in 12 clades in the combined plastid tree and 11 clades in the nuclear tree. In the combined plastid and ITS trees the X and A clades are shown to be the first and second diverging lineages, and the unity of the North American clade (J-O) and a group of mostly Austral-African clades (E-I) are also preserved. The placement of Sporobolus rigens outside the J clade in the ITS tree could be attributed to high amounts of homoplasy in the Version of Record (identical to print version).
nuclear dataset while the possession of "H" and "F" plastid haplotypes in S. scabridus and S. arabicus, respectively (both members of the I clade in the ITS tree), suggest possible hybridization events between these two sister lineages. One major structural difference that prevents congruence between the ITS and combined plastid trees is the B-C-D clade.
TAXONOMY
Because our molecular analysis renders Sporobolus paraphyletic, we propose incorporating Calamovilfa, Crypsis, Spartina, and Thellungia within Sporobolus. Expansion of the circumscription of Sporobolus to include these four genera requires the least amount of nomenclatural changes and still allows us to recognize a strongly supported monophyletic and morphologically cohesive unit. Since Spartina is the oldest genus, Peterson & al. (2014c) prepared a proposal supporting the conservation (nomina conservanda) of Sporobolus. Below, we list all species previously recognized in Calamovilfa, Crypsis, Spartina, and Thellungia and provide their names in Sporobolus. Our analysis supports the recognition of 11 sections and 11 subsections (see Table 2 ) within Sporobolus, and for consistency in rank, we propose new sectional and subsectional names below. Species not included in our DNA analysis are preceded by an asterisk (*). Version of Record (identical to print version).
